Abstract. Nitrite-dependent anaerobic methane oxidation (n-damo) process is a novel wastewater treatment technology, but the greenhouse gas (GHG) emission during the process is lack of report. N-damo bacteria was enriched and the GHG emission during n-damo process was measured in this study, and the feasibility of GHG emission mitigation by increasing static pressure was also investigated. Both reactors in this study obtained high efficiencies of nitrite removal which were 5.92 mg N L -1 d -1 g -1 and 7.49 mg N L -1 d -1 g -1 , respectively, the nitrite removal rate in reactor under static pressure was improved 26.52% than reactor under ambient pressure. With similar N 2 O emission, lower total global warming potential (GWP) in reactor under static pressure was obtained because improved n-damo process led to the higher CH 4 sink. According to microbial analysis, improved n-damo process was resulted from higher abundance of n-damo bacteria in reactor under static pressure. Furthermore, static pressure could enhance the screening of non-target bacteria such as denitrifying bacteria and make n-damo bacteria predominate and further enhance n-damo process.
Introduction
CH 4 and N 2 O are important greenhouse gas (GHG) and it was reported that the global warming potential (GWP) of CH 4 and N 2 O were 25-fold and 298-fold of CO 2 , respectively [1] . Recent years, CH 4 and N 2 O emissions in the process of wastewater biological nitrogen removal is becoming more and more serious [2] . About 80% of methane and47 % of N 2 O emission was occurred in the anaerobic environment [3] . As a result, it is important to mitigate the GHG emission during wastewater treatment process.
Quite a lot efforts have been made to reduce GHG emission and ease greenhouse effect. For example, CH 4 has been used for power but it suffered limiting from technical requirements [4] . GHG emissions also be reported to be reduced in wastewater treatment process by parameters optimization, such as aeration patternsand sludge retention time (SRT) [5, 6] . Nevertheless, parameters optimization often leads to a lower pollutants removal [5] . Fortunately, novel wastewater treatmenttechnology has been reported widely to reduce GHG emission recent years, such as anammox and n-damo process [7] . What worthy noting was that n-damo process utilize the CH 4 directly as carbon source so it doesn't need to supply organic carbon source, leading to a lower operational costs, and even ease the greenhouse effect.
Nitrite-dependent anaerobic methane oxidation (n-damo) process is a novel technology which use nitrite as the electron accepter and methane as the electron donor [8] . Candidantus Methylomirabilis oxyfera (M. oxyfera) was dominant microbes in performing n-damo process [9] . However, as a promising novel wastewater treatment technology, the development of n-damo suffered from limiting because low specific activity and low growth rate of M.oxyfera [10, 11] .Hu et al. [13] estimated thatwetlands would consume roughly 2-6% of current worldwideCH 4 flux because of existence of n-damo process. However, the systematic evaluation of GHG emission during n-damo process is still scarce.
There is a study reported that hydrostatic pressure would influence the release of CH 4 which was generated from water environment [14] . And pressure also affects the dissolution of gaseous compounds such as methane in watersthen may enhance n-damo process and further mitigate GHG emission during n-damo process [15] .
The objective of the present study was toenrich the n-damo bacteria and measure the GHG emission during n-damo process, further investigate the feasibility of GHG emission mitigation by increasing static pressure. Two anaerobic sequencing batch reactors under different static pressure were applied to enrichn-damo bacteria.
Materials and Methods

Experimental Setup and Operation
Two anaerobic sequencing batch reactors with 2.5 L effective volume were operated for132 d. The inoculum sludge was taken from wastewater treatment plant (Everbright Water, Jinan, China). Fed-batch incubation were applied in both reactors with exchange ratio of 0.5 and hydraulic retention time of 4 d. The operating temperature were maintained at 30±0.5℃and the rotate speed was 150 rpm. The synthetic medium was sparged with Argon for 20 min to maintain anaerobic condition and the initial pH was adjusted to 7.0~7.2 by 1 mmol/L HCl before being added to the SBRs. The component of medium was according to Ettwig et al [15] .Two reactors were supplied with methane (99.99%) with the only difference that methane was supplied continually to maintain ambient pressure of 0.1 MPa in control (R1)while treatment (R2) was pressurized by methane to 0.3 MPa.
Nitrogen Transformation Batch Experiments
To investigate the different nitrogen removal pathways, batch experiments were conducted. Biomass in two reactors were sampled and transferred to 1L Ar-flushed glass bottles. Four groups of experiments were conducted subsequently: (a) biomass from R1+NO 2 -(b) biomass from R1 + NO 2 -+ CH 4 (c) biomass from R2+NO 2 -(d) biomass from R1 + NO 2 -+ CH 4 . The initial CH 4 (99.99%) was full-filled in headspace of glass bottles and the initial NO 2 -concentration were 0.5 mmol L -1 in four groups.
The batch experiment was run for 48 h and the sample intervals was 4 h. GHG and NO 2 -concentrations were determined according to previous study [1] .
Analytical Methods
Inflow and outflow waters were sampled every other day and analyzed immediately for NO2 --N concentrations. DO, pH and temperature were measured daily in situ.Emitted gases from two reactors were sampled into gas pocket and measured. The CH 4 and N 2 O concentration was measured using a gas chromatograph (Agilent 7890B inert GC system; Agilent, USA) equipped the same detector with previous study [1] .
Microbiology Analysis
About 0.3g of sludge were sampled from two reactors and stored at -20 for microbial analysis. DNA of samples was extracted with PowerSoil DNA Isolation Kit (Mo Bio Laboratories, Carlsbad, CA) according to the instructions.
16S rRNA genefor n-damo bacteria and nosZ gene for denitrifying bacteriawere measured using Quantitative Real-Time PCR (q-PCR) technology on Light Cycler 480 (Roche, CH).QP1R-qP1F [9] and nosZ 1527F-nosZ 1773R [16] were employed as target primers for 16S rRNA gene and nosZ gene, respectively. Negative-control reaction was performed by replacing the DNA template with nuclease-free water.
Results and Discussion
Nitrite Removal Performance in Both Reactors
Nitrite removal rate in two reactors were quite different during study period (Fig.1) . As the increase of nitrite concentration in influent, nitrite removal rate in R2 were always stable at highest level while they gradually increase to the highest level and be stable in R1, indicating static pressure could improve the anti-shock capability of n-damo bacteria. It's notable that at the end of study period, nitrite removal rate in R1 and R2 were 5.92 
To understand the nitrite removal pathways in two reactors, batch experiments were conduct and the results are presented in Fig.2 .Although both reactors were supplied CH4 as carbon source, denitrification process was still detected in both reactors. This may be due to the organic matters release from the biomass decay [10] . Within the same period, total nitrite consumption in R2 surpassed 50.32% than R1. The result was accordance with nitrite removal rate in two reactors, indicating static pressure could significantly improve nitrite removal performance. It worth noting that the nitrite consumption through denitrification and n-damo process in R2 were both higher than that in R1, this may because static pressure increased react activities of both n-damo and denitrifying bacteria. 
Effect of Static Pressure on GHG Emission
To investigate the effect of static pressure on GHGs (N 2 O and CH 4 ) emission, GHGs emissions from both reactors were measured and the results are shown in Table 1 . It is obviously that N 2 O emission and CH 4 utilization were at similar level in R1 and R2.
This was mainly because the gas samples were sampled at the end of phaseⅤwhen the nitrite removal had been stable in both reactors. The influent nitrite concentration were 6.0 mg N L -1 d -1 g -1 at the moment, and the nitrite removal rates were over 95% in both reactors. Slightly lower N 2 O emission and higher CH 4 sink were obtained in R2, this was attribute to the better n-damo performance caused by static pressure in R2. It worth mentioning that the N 2 O emission in both reactors were far less than previous studies [18, 19] , this was attribute to the better n-damo performance in this study. Seen from the theoretical facet, n-damo process doesn't produce intermediate N 2 O [10, 11] and the study was conducted under anaerobic conditions, so the N 2 O emission in present study almost came from denitrification process. Section 3.1 showed that nitrite consumption through denitrification in R2 also exceed that of R1, indicating the static pressure also improved denitrification activity. However, the total N 2 O emission in R2 was at a similar lever with R1, this may because better anaerobic condition and biomass properties caused by static pressure promoted the transformation from N 2 O to N 2 and further reduced the N 2 O emission. In this study, the GWPs of N 2 O emission and CH 4 sink were calculated in the unit of CO 2 equivalents (CO 2 -eq) according to that the GWP of N 2 O and CH 4 are 298 and 25-folds than CO 2 , respectively [1] . As it was shown in Table 1 , the total GWPs in R2 was lower 11.63% than R1. With the similar N 2 O GWP, the difference between total GWPs was mainly attribute to the different CH 4 sink in two reactors. The improved n-damo process in R2 led to the higher CH 4 sink and lower total GWPs. N 2 O emission and CH 4 utilization rates in a reaction period was investigated to determine the GHG emission performance better and the result is shown in Fig.3 .Similarly, N 2 O emission in both experimental groups are presented a trend that goes up first and goes down later and the N 2 O emission reached peak at fourth hour. This was resulted from the metabolic pathway of denitrification process, NO 2 -was firstly reduced to NO, then NO was reduced to N 2 O, and later N 2 O was converted to N 2 . N 2 O was produced first and reduced later [18] . At the end of reaction period, N 2 O concentrations in both experiments were reduced to initial a low level. This result was accordance with the total N 2 O emissions in both reactors. When it comes to CH 4 , the CH 4 sink rate presented a quite different trend between R1 and R2. It is obviously that the CH 4 sink was faster in R2 than R1, CH 4 concentration in R2 was decreased to rock bottom in 24 h while it took about 40 h in R1,which indicating that higher n-damo activity was obtained in R2. The abundance of n-damo bacteriain R1 and R2 were determined by q-PCR and the results are presented in Figure 4 . N-damo bacteria in R1 was increasing before phaseⅤ, although the growth rate was quite slow. However, the abundance of n-damo bacteria presented a sharp decrease at phaseⅤwhen the influent nitrite concentration reached 120 mg N L -1 , this was because that 120 mg N L -1 of nitrite exceeded the nitrite inhibition constant of n-damo which was 57.4 mg N L -1 at 30℃. As to R2, conditions are quite different. The abundance of n-damo bacteria in R2 was increasing continually throughout the entire study period and even surpassed that in R1 from phaseⅢ, indicating static pressure could significantly improve the growth rate of n-damo bacteria. At the end of study, the abundance of n-damo bacteria in R2 reached 29.1×10 10 copies g -1 , which was higher than previous study which cultured n-damo bacteria under ambient pressure for a longer time [1, 10] . This also indicates that n-damo bacteria was much more accommodated to live under static pressure which will improve growth rate of n-damo bacteria and enhance n-damo process.
Effect of Static Pressure on Microbial Community
To explain GHG emissions in the present study, denitrifying bacteria were determined by abundance of nosZ gene using q-PCR and the result was shown in Fig.4 . At phaseⅠandⅡ, the abundance of denitrifying bacteria in both reactors were increased although it increased quite little in R2, this may because that denitrifying bacteria need an adaptable period under static pressure. Whereas, as the study time prolonged, the abundance of denitrifying bacteria in both reactors were decreasing continually which attribute the lack of organic carbon source in reactors. What's more, influent nitrite concentration was increasing with study time, the high concentration of nitrite was toxic to denitrifying bacteria [20] . What's worthy noting was that the abundance of denitrifying bacteria in R2 was always lower than that of R1, this contributed by the static pressurescreening on denitrifying bacteria community.
It's worth mentioning that at the end of the study period, the abundance of n-damo bacteria in R2 was 6.74-fold than denitrifying bacteria. This result was accordance with the nitrite consumption through n-damo and denitrification process, indicating the n-damo process was the main nitrite removal pathways in R2. It is also obviously that static pressure could enhance the screening of non-target bacteria such as denitrifying bacteria and make n-damo bacteria predominate and further enhance n-damo process.
Conclusion
Higher nitrite removal rate was obtained in R2 which was conducted under 0.3 MPa of static pressure, this was due to nitrite consumption through n-damo process and denitrification in R2 were both higher than R1, indicating static pressure could increasing the activities of both n-damo and denitrifying bacteria. However, the N 2 O emissions in both reactors were at a similar level, which attribute the better anaerobic condition and biomass properties caused by static pressure promoted the transformation from N 2 O to N 2 and further reduced the N 2 O emission. Higher CH 4 utilization rate in R2 was observed which was because higher abundance of n-damo bacteria caused by static pressure enhance n-damo process and led to higher n-damo activity. The abundance of denitrifying bacteria in R2 was always lower than that of R1 which was contributed by the static pressure screening on denitrifying bacteria community.
